Chemical Product Emissions Emerging as Important
Urban Source of Volatile Organic Compounds

California Air Resources Board (April 19, 2019)
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Which Source Dominates Fossil SOA Formation?

Los Angeles 2010 (Pasadena)
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Bahreini et al. (GRL 2012)

= Gasoline emissions dominate in LA

Gentner et al. (PNAS 2012)

= Diesel emissions dominate in LA

Ensberqg et al. (ACP 2014)

= Other sources dominate, or
= SOA yields of vehicle emissions
substantially underestimated



Long-Term Trend in Ambient VOCs (Los Angeles)
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Two Recent U.S. and European Studies on “Other” Sources
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VOCs also Transitioning in CARB Inventories (Mobile Sources — VCPs)
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Natural and Human Emissions Impact Atmospheric Chemistry
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Figure provided by Jessica Gilman (NOAA).



Research Objectives

(1) Identify chemical tracers for detecting VCP emissions in ambient air

= Establishing D5-siloxane as a tracer of personal care product emissions

(2) Quantify VCP emissions in another US megacity: New York City
= Field measurements of VOCs made in winter/summer of 2018

= Are VCPs a larger fraction of anthropogenic VOCs in denser cities?



D5-Siloxane an Atmospheric Tracer for Personal Care Products

Example antiperspirant/deodorant
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MacKay et al. (Env. Tox. & Chem. 2015)



Siloxane Concentrations Enhanced in Indoor Air (mostly D5)

other
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Tang et al. (Environ. Sci. & Technol. 2015)



Investigating D5-Siloxane in Boulder, CO
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Investigating D5-Siloxane in Boulder, CO
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Diurnal Pattern of D5-Siloxane and Benzene

Wintertime Measurements in Boulder using PTR-ToF-MS
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Coggon et al. (Environ. Sci. & Technol. 2018)



D5-Siloxane/Benzene Ratio Variable Throughout Day

Peak in Morning
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Estimated Diurnal Emissions Rate of D5-Siloxane
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D5-Siloxane Emitted by People in Cars?
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Personal Care Emissions Enhanced Relative to Traffic in Denser Cities

Personal Care Products
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Potential Chemical Markers Identified for Other VCP Source Sectors
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Summary of Chemical Tracers for Detecting VCPs

(1) Db5-Siloxane useful atmospheric marker of personal care product emissions
 Peak found in morning, then decays exponentially across the day

« Db5-Siloxane/benzene ratio enhanced in denser cities

(2) Identifying other potential tracers for VCP sectors



How Important are VCP Emissions in the Biggest US City?

Boulder, CO | Manhattan, NY
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NOAA Field Measurements in Winter/Summer of 2018
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Wintry Conditions = Lack of Biogenic Emissions of VOCs
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Methods to Quantify New York City VOC Emissions

(1) Quantify “bottom-up” VOC emissions using inventory methods

 Emissions = Activity * Emission Factor

(2) Estimate VOC/CO emission ratios for individual VOC species

« Controls for effects of atmospheric dilution on ambient concentration data

(3) Compare inventory with ambient VOC/CO field data

« Evaluate with ground site data at City College of New York



Quantifying Fossil Fuel and Chemical Product Use in NYC

Manhattan (Winter 2018)

Diesel
8%

VCPs 4%

Natural Gas

Product Use = 6.6 kg/person/d

State-level and diesel fuel

sales allocated to NYC using traffic data
[McDonald et al., ES&T 2018]

State-level and diesel fuel
sales allocated to NYC by population [FHWA, EIA]

State-level natural gas fuel sales by month
allocated to NYC by population [EIA]

Per capita use allocated to NYC by
population [McDonald et al., Science 2018]



Petrochemical Use Data between NYC and Los Angeles

Manhattan (Winter 2018) Los Angeles (Summer 2010)
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Fossil Fuel vs. VCP VOC Emission Factors (NYC 2018)
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Distribution of Petrochemical VOC Emissions

Manhattan (Winter 2018) Los Angeles (Summer 2010)
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VOC Speciation Profiles for Fossil Fuels and VCPs
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uel-Based nventory of 'ehicle —missions for estimating CO

D,
FIVE ~100t CO h-t FIVE ~130t CO h-t
Obs ~ 63t CO ht Obs ~ 110t CO ht ¥

il

FIVE ~125t CO h-t
Obs ~130t CO h-t

See McDonald et al. (ES&T 2018) for FIVE
Mass balance from Jeff Peischl (NOAA)



D5-Siloxane (ppb)

Estimating a D5-Siloxane Emission Factor in New York City
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Fossil Fuels Alone Cannot Explain Ambient VOC Levels in Manhattan
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Need VCP Emissions to Explain Ambient VOC Levels in Manhattan
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Summary of NYC VOC Field Measurements

(1) Quantified petrochemical VOC emissions for NYC using same methodology
as Los Angeles

 VCPs account for over half of the petrochemical VOC emissions in NYC

(2) Evaluated VOC inventory with ambient field measurements
« VCP emissions needed to explain ambient levels of VOCs (R? ~ 0.94)

« (Can explain ambient levels of chemical tracers for VCPs



ldentifying Atmospheric Constraints on Trends in VCP Emissions
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PTR-ToF-MS Mass Spectra of Various Coatings
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Trends in Two Tracers for Coating-Related Products
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Concluding Remarks

(1) Ambient measurements in New York City and Los Angeles indicate that
VCPs are ubiquitous and significant source of urban VOCs.

(2) Measurements of VCP markers now possible with advancements in VOC
instrumentation — improve confidence in emission inventories



